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(57) Abstract 

Patterned conducting polymer surfaces exhibiting excellent properties may be prepared by: (a) forming a surface of a c<»iducting 
polymer 00 a surface of a substrate; (b) forming a surface of a blocking material on ihc surface of the conducting polymer in a patterowise 
fashion, lo obtain a first patterned surface containing regions of exposed conducting polymer and regions of blocking material; (c) treating 
the first patterned surface with an agent which: (i) removes the conducting polymer from the regions of exposed conducting polymer; 
(ii) decreases the conductivity of the conducting polymer in the regions of exposed polymer or (iii) increases the conductivity of the 
conducting polymer in the regions of exposed conducting polymer. arK) (d) removing the blocking material to obtain a second patterned 
surface containing an exposed pattern of conducting polymer. 
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- TITLE OF. THE INVENTION 

• • • • 

' . . \ * - PATTEIWED CONDUCTING POLYMER SURFACES 

. * - AND- PROCESS FOR PREPARING THE SAME . 
5 . ■ AND DEVICES CONTAINING THE SAME . 

BACKGROUND OF THE INVENTION 

Field of the Invention ; • . > . 

. The present invention relates to a simple, convenient 

' . ■ . • - • * ' . • • - - . . 

process for preparing high-resolution patterns of a conducting 
lb polymer on a substrate. The present invention also relates . to 
- the. patterned conducting polymer surf aces so prepared and to 
devices, such as liq[uid crystal displays, which contain such a 

patterned conducting polymer surface. The patterned 

..*•*-.. 
. • ■ ' . • • 

conducting polymer, e.g. polypyrrole,' may serve as a 

• . m ' 

15 conducting material to provide a means of addressing selected 

• . 

pixels of a lightweight, flexible liquid crystal display. 



Discussion of the Background ; 

In current liquid cxrystal (LC) display fabrication 
technology, the most widely used conductive material is indium 

* " • • 

20 . tin oxide (ITO) . However, the use of ITO has several- 

• , • • • . ■ • . • 

disadvantages in manufacturing. One drawback is the 
relatively high temperature (about 250 •C) at which ITO is 
deposited onto glass or other solid substrates, which can 
damage other components of the display such as polymeric color 
25 filters. Another problem is that when ITO is deposited on 

V • - 

* 

plastic substrates for purposes such as fabrication of 
flexible LC displays, the ITO becomes brittle and fails when 
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ly ^rondiicting pol^i«er- is: * d^irafalay v-: : ; . ;i 



» • • . •• • 



ithe display is - in a carVea>bnf i^ure^^^^ 
i»i»is,^.there -is' a -need f or' r i>lia*»l^P9i^^i»9: ^^^l^:-^^ 

are^ LC display - diaytc^s 
An ialectritally 

; ^iUnative to ITO as the ^nductin^ »a^eri«l' befeausevi^ 

•^bfe processed at a»bient te»perature = a«^ it is.-a.flexi^^# . 
organic material similar to th^ plastic substrate 
r^tefence^Wrthe. sub ject= of conduct ii^ :«»^??: V' ^V' 

^ ^»;no^ph ^^n-IT^- cW.>^»ctors. J.P. Farges;. Ed., Mai^er>Jdcer.;, ■ 
NYv HY, .1994. The concept of using- a conducting polymer as ^. -r 
replacement for I-EO in a LC display is described in U.S. 
Pa^nr^lication serial NO. 08/4Ql,9li, filed.oh:March 9, , ;: 




25 



■ • 



. The condvieting- polymer polypyrrole (PPy) . is an excellent , 
Choice as a replacemeiit conducting material for ITO, because 
PPy can be prepared by a convenient, in-^itu >oly.?bci nation, . . 
metiod. and PPy fil»s can be produced with surface resistance, - 
electrical conductivity, and optical transparency i: 
Characteristics that are appropriate f or LC displays and other 
applications. . The in situ method can be used to deposit thin, 
transparent films of electrically conducting polymers- such as .. 
polyaniline and polypyrrole from aqueous solutions of the 
parent monomers, aniline and pyrrole, as they are undergoing 
polymerization, . This method eliminates the necessity of first 
synthesizing the polymer and then dissolving it in a solvent 



for ffiln deposition and is: the simplest: and .least' time-: 

••.•*' 

consuming approach for preparation of conducting polymer 

films. The-use of .aqueouk . solutions for the. ln*situ 

- . . ■ • . . 

polymerization method also alleviates environmentally-related 
organic solvent :disppsal problems; Both of th^se factors are. 
Important for technological . .scale*-up and commercialization of 
processes using conducting polymers* 

PPy -films deposited by. the iji*situ. method can be prepared 

■ * * * • ■ 

With conductivities > aoo. $/cm- using the anthraquinone-2- 
suironate^ounterion in the' p!resence of 5-sulfosalicylic acid 
(see for. example: R.V. Gregory, H.C. Kimbrell, and .H.H. Kuhn, 
Synthetic /fetals^ vol* 28, p. c-823 (1989) )• This translates 

/to a surface resistance of between 600*3000 n/square, nearly 

* 

two orders of magnitude lower than that for typical 
polyaniline; films deposited by- the in situ method* These PPy 
films can also.be obtained with optical transparencies in the 

• • • 

range of > 65%-.70% transparent. TA-situ*deposi ted. PPy films 
therefore have properties that make them very useful as 
conductive elements for .the fabrication of a variety of liquid 
crystal display .devices. 

To fabricate an addresisable LC display, one of the 

- . 

conducting elements must be patterned to a particular geometry 
and linewidths that constitute the designated output of the 
display. Depending on the. nature of the LC display, the 
geometry may be in an alphanumeric pattern, a grid pattern, an 
array of dots, or some other . pattern . The minimum dimension 



the patterned features typically ranges frcm re 
Uige (> iOfli lift) to very fine (-io m») • A process: ifpr 
patterning • OTriducting polymers must be able to «eet= the 
resolution r^iienents o£ the display. AdditioWaUy^; the '. 
process for patterning the conductive polymer must 
idV«sely affect the electrical surface resistance or the > 
optical transparency of the" conducting polymer in the active 
regions, 6r the properties of the underlying substrata, v 
Fihally/ tt^ "patterning process must be simple, reprodjicible, . 
cost-ef f ectiyd; and compatible with existing manufacturing 
equipment used in the'ix: display industry. 

A number of methods have been reported for producing 
patterns of . PPy oh various substrates. In one method/ long- 
chain alkyl self ^assembled monolayer (SAM) films ire stamped . 
onto a gold substtatfe. TheE SA«-modified electrode is immersed 
. in a solution of pyrrole, and the SAM film blocks electron 
transfer so that PPy is deposited only in the bare regions of 

• • • * . * 

the substrate . For a detailed description of this- approach, 
see: C^B. Gorman, H. A; Biebuycfc, and G.M. Whitesides;. 
Chemistry of Materials, vol. 7, pp. 526-529 (1995).' In 
relate^! approaches, the patterned deposition of PPy. can be 
initiated at semiconducting substrates by patternwise exposure 
of the substrate through a solution containing pyrrole 
nonomer. Th4 polymer iiation and deposition of PPy is then 
initiated photoelectrochemically at the substrate in the 
irradiated i^egions of the substrate. For a description of 



these approachesy see: M. Hiklta, b» Niva, A. Sugita, and 

T. Yanamura, Japan tJpurn^ of Applied Pliysics vol* 24, pp. L79 

• _ . ■ - 

(1985); and Okartp, l7 Itohr A*"*!^ . 
JouxTial or the ElectzochBmical Society, vol. 134, p. 837 

(1987). These nethods are. limited to metallic substrates such 

. - •■ . . . - . 

• • ■ _ 

as gold or semiconducting .subs^trates such as silicon, and are 

■ • 

not appropriate for use on. flexible, insulating polymeric 

V ■ 

t ■ ' ' • ■ 

substrates • . . 

• • • 

In a second method, -a flupropolymer. substrate is. modified- 

by ^ plasma' .-^treatment- to: create, regions of greater- or lesser: - 

. • • . . ■ * * ■ 

.adhesion for a fPy film formed from an in-si tu deposition 

• ■ * 

method. The. plasma is .prevented from accessing the substrate 

ih'certain regiSHS-^byth^ use": of "^physical mask such as a 

- 

metal grid. The PPy is deposited initiailly over the entire 
substrate, but is then roioved from the unmodified regions by 
either ultx:asonicatibn in solution or by removal with adhesive 
tape. • For a description of these approaches, see: U.S. Patent * 
Application Serial No. 08/401,912 (see above) and L.S. van 
Dyke, C.J. Brumlik, W. Liang, J. Lei, c.R. Martin, Z. Yu, L. 
Li, and G.J; Collins, Synthetic Metals, vol. 62, pp. 75-81 

• • • " 

(1994) • These methods are limited to relatively low 
resolution PPy pattern formation, characterized by rough 
edges, and . the use of physical masks is not compatible with 
standard manufacturing techniques for preparing commercially 
useful addressable liquid crystal displays. 



. . ' 



■ ■ . • - ■• * • 

■ -'"v-iri a>.1^iW»^^ a PPy.fllm deposited ot» a : • ■ ' ' . 

iiuoropoi^^ ^^^"^ ^^^^"^^^ ""^^ ^'-^ 

: VU, and Cdllii^.>»that^i^ >,^^.. vol. 52,,p^,: ^99. . 

: - 304 (1992) . This approach is hot preferred for: practical 
. kpplicatiort^: due to the need for expensive, high^power .laser . ■ 
^sufe tool* whi^ are not desirable for cost-effective / 
■ «anuf actW^ingv as veil as. the ^d^^^ by laser. ^iilati9rt . 

0 ^ to th^mideriyihg substrate and the edges of the P 

in a fbu^ method. ;pyi^ole vapor is absorbed into a film 

* * • ■ - 

• of a chlorine^conltaining polynier such as 

.. polychlo^oacr^lf<mitriie^%3?^.b^^ .: 
irradiated in a Pattemwise fa^ion. In the photplyzed ; 

15 : fegions • free radicals^ a^^ created fro. dissociation ^« 

Chlorinated polymer/ ahd the radicals initiate polymerization 
. . of . the absorbed pyrrole mono-er to form a PPy/PCMi c6.posite. 
For details of this method, see: R. Bauiaahn, K. Leiinar^; and 

• vol. 54. pp.' 243-249., (1993). N«>. 

J. Bargon, Synthetac Metals, .vox. Ffr 

20 . electrical conductivity data for the polymerized pyrrole . 

. co»positewas reported. However, because this material is a 

fixture of PPy and an insulating material, the conductivi^ of 

the composite is almost certainly much lower thaa that of pure 

. PPy which is a severe disadvantage for use of the composite as 

2s a. conductive material for display fabrication. In addition, 

this process is limited to those chlorinated polymers that 



. sufficient free radicals to initiate th(B . . 

• . r . .... f • . . . «. . 

• • - ■ ; ^. ^ 

polymerization of. pyrrole. .0£ the four polymers tested^ only 
PCAN required as littreTas: 5: miniltdd^f ^exiK) with a high 

"*.•■.■.'"■*.-.''..•*'■: 4 ■* f. • . • 

intensity (1000^) lamp.... Also> the reported times for sorptidn: 
pf pyrrole into the chlorinated {^lymer were -5-10 hours, 
vhich is impractical for use of this process, in routine i 

ft* 

manufacturing. 

Several methods have been described for patte^cning 
polyaniline-.(PAni) •-.JCn^. one: method, a film is.prepared ft^om a.. 
wat&-soluble derivative . of .:PAni that contains a cross- « 
linkable group on the polymer baclcbone. The film is exposed * 
to electron-beam or UV irradiation, which crosslinks the 

poiymer^in-the--exposed-regipnT~and the-unesg^sedT-areas- are 

• - * . ' • 

- . - 

dissolved in water to produce the final patterns. 
. Conductivities reported for. the patterned PAni films produced 

by this method range from lo;' to 10'^ S/cm, which are much 

' • ■ ■ .* 

lower than the value of 1 S/cm. that is characteristic of . the ' 
best filmis .of unsubstituted PAni films (and again several 

hundred times worse, than typical values for PPy films) . For a 

- 

description of this method, see: M. Angelopoulos, J. H. . Shaw, 
N.C. Labianca, and S.A. Rishtpn, Journal of Vacuum Science and 
Technology, vol. Bll,. pp. 2794-2797 (1993) • This method is 
limited to specially-derivatized PAni polymers, and the 

t ' - w 

inherent requirement of derivatizing the PAni backbone with a 
cross-linkable group for pattern formation- leads to severe 
degradation of the electrical properties of the conducting 



.* -8— 



pbivmer/ Baking it i^Wsirable for/uSe as- Bp active ele»ent in.;. 



LC display 



^ ' • Thus, aii ot thi ;ai>pve^describ^ itiethpds have inher^ 
•riB^tatipri for;pract.ical .• 

tabriiation 01 high ie^iilution . pattW?^^ ol highly coiiaiictivfr 
. polymers "on Wy»e4c . s^^^^ ^^""^ ren^ins a need 

for a proise'ss for preparing patteri>e^ conducting polyner 
surfaces whicih io^s not suffer fro» stteih drawbacks. In 
p^icui^rthere r^ains a need for a simple, coiryenient . . 
process ^for producing fiiie Pi^^^^ conducting polymers . . 

which ekhib'it good conductance and Optical transparency. 

. • • . . . *- . 

. - ' kllMMARY Q V TUB INVENTIQa 

' ' . . ' ■ 

; it As one: object of the present invention to 

^ ■ * ' ' * " * 

provide a novel process' for preparing patterned conducting 
L5 * polymer surfaces. 

• It is another object of the present invention to 

a simple and convenient process for preparing pattern^^ 

conducting polymer surfaces. 
[ It is another object bt the present invention to, provide 

iO a process: for preparing patterned conducting polymer surf aces 
which affords patterns of conducting polymer exhibiting good 

conductivity properties. 

It is another object 6f the present invention to provide 
a process for preparing patterned conducting polymer surfaces 
25 which affords very fine patterns of the conducting polymer; 




It is another object of the present invention to provide 
a process f or prcpa^ring patterned conducting polymer surf aces 
which affords patterns of conducting polymer exhibiting good 
optical transmission properties. 

It is: another, object of the ^present invention to provi^e^ 

■ * 

novel patterned conducting polymer surfaces prepared by. such a 



It is another object of the present invention to provide 
devices which' contain such a. patterned conducting, polymer 



. The^e and other objects, which will become apparent 
during- the following detailed description, have been achieved 
¥y the inventors' discovery^that-x>attemed~ conducting . polymer 
surfaces exhibiting excellent properties may be prepared by r . 

• * 

(a) forming a surface of a conducting polymer on a 
surface of a substrate; 

(b) forming a surface of a blocking material on said 
surface of said conducting polymer in a pattemwise 
fashion, to obtain a first patterned surface 
containing regions- of exposed conducting polymer and 
regions of blocking material; 

(c) treating said first patterned surface with an agent 
which: (i) removes said conducting^ polymer from said 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 



i .'^iid^cting poi^^r iii said tegions of vexptosed 
-V c6nductii»g«:ti!ol3r««^P? ; 

_ • • ■.**■ 



. > « 



\ A: mi^^:%6ipiete : 9Ppr^ci^^^^ 
the a^endarit advaiitiges -there^^ will ^e readily pbtained as . 
tiie s^e tici»e^ bett^ ^^^^ to; the . • 

following detailed description when; considered in connection 

.^Vitir:tlw^aTjpo»pairiyinff'drkwings7^ 

Figure 1 iW a sche«itic= diagram of one eiibodiiaent of the 




Figures 2a:;: and to are optical »^ of patt«^ned 

surfacea prepared by 

. . Figure 3 -is a iicrograph of a patt surface 

by the present process; 

Figuiie 4 is a aicrograph of a patterned surface prepared 

- * " * " * 

by the pri^ent process; 

. Figuxee 5 is a scheaWtic representation of a polyneir •. 
dispersed liquid crystal- (PDLC) display according to the 
present invention; and 



Figure 6 is a sche3&atic representation, of a. conducting 
polymer: twisted nematic liquid . crystal display according 

• • • 

"uie present inventions — ^— - • 



... DETAliiEP^ pESCRIPTlON OF THE PREFERRED EMBODIMEHTS 

• • • . • • • 

5 ^Thus^'iji a first emboduientr the present invention 

• • • • 

' provides a process for pr;eparing a patterned surface of a 
.conductive, polymer by? . . 

* 

* . (a) -fpraing. a. surface of a- conducting pp.lymer, on a . • 

- surface of a substrate; . 
10 ' (b) forming a surface of a blocking material on said 

surface of sai<i conducting, polymer in a patternvise 

-a- 



• ■ 



containing regions of exposed conducting polymer and 
regions of blocking material; 
15 (c) treating said second patterned surface with an. agent 

. - - : . . 

which: (i) removes said conducting polymer from said- 
regions of exposed conducting polymer; (ii) 

■ 

decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 
20 polymer; or (iii) increases the conductivity of said 

conducting polymer in said regions of exposed 

. • - » 

conducting polymer; and 
(d) removing said blocking material to obtain a second 
patterned surface containing an exposed pattern of 
25 conducting polymer. 



: -in the first step t a a surf ace ot a conducting :pa^y»«c 
is firmed on a surface of • a substra^ey In princii)le» ^ 
polypw havit»g an electribai cbhda^^ ^ ,/ 

i>10^S/cm/: pr^f«abiy at iei^lfe o>10.»S/c«. can be u^ed^^.the- 
conducting polymer, such conducting ^lyn^s aire desci^ibed in 
diapter 11 of poriductiors.' J.p. Parger, Ed. l^cel ^ 

Deicker, NY, HY* 1994, whiph is incorporated herein by . 
. reference. Such conducting polymers include, .e.g., cls andv 
brans polyacetylenes (PA) polydiacetylenes (PDA) ,; 
polVP^aphenylehes (PPP) , pol^pyrrbles (PPy ) , polythibphenes 
- (PT), polybithiWhenes, pblyisothianaphthene, 
polyphenylenevinylenes (PFV) , polythienylvinylenes (?TV) , . 
polypheny lenesulfide (PPS.) , and poiyanili^ (PAni) : Tor, 
convenience, the structures 
; vshown below. 



trans-Pblyacetylene 




cis-Polyacety lene : 




or 



-14- 



■' ^ 



Poiyisbthianapiit^^ 



* 



9 



- • v:-.^-:>H•r^••'-v^»'V 
.• * .■ > • ^•**'' •*• . ■ * 



> 




.- * <* 



• ♦ " * • * • 




If • f 



Polythieny iencvinylcne i 




Polypheny lenesulf ide 




-15- 




Emeraldine: X: 



■ \ 




Polybithxophene 



In the above-given structures , • it: is to be understood 
that H atons may be replaced by substituents> such as C^.n* 
alkyl, or phenyl or groups containing ionic groups such as 




10 



15 



c^rbowlate or s»lf onat*: Tl^ 9ro»ps ».y b. 

s.*stlt«tio» Worsens a,e ,l.=trical conductivity « tta., ■ 
. c»idu=tln9 poij.^. *«t «y .nhanc. f iatores =«c?. ^s- 
soXubUlty or orUntatlo. at th. .ir/.ater inter«a=.,.*or, 

escanple In particular, in the case of polypyrrole, 11: is 
^"'e^ed that no su»«tituents be present, because s^6h ;. 
s^stituents typically lowe. the electrical conductivity., 
References which further describe the synthesis 

properties of these conducting pply»ers include: 

, V «i c R Acad_Sci_^S^» vol. 262, p. 459 
M.F. Cojnbarel et al, r 1^. ftcaa, a^ 

, T T>»^viii Bci SVSIB^C, vol. IS, p.' 

... (1966); L.t: et al, J. Vo}yn Syi^p. 

.931 (1967); M. oorio-edoff et.;al, 1. r),| ^. (P-i-)^. 
' vol. 6a. p. 39 U971,; X. Xto et al, . Poly., ^ci. C^ ..^^ 

vol. 12, P. Xi (1»74„ H. Shiraxawa Ql^B^S!^' , . 

• 578 (1977) ; C.K. Chian. et al, p,y. . e y. I^tt. . vol, 39, p. 

1098 (l977);^.a. Higrey et al, £bsa._£21!fflam.. P- t^^^'')' 
;.. .^.0. HacDiar»id et al, Sy^^th^M-^. vol. 1, P. 101 d^sp); 

V »l " ^^-r.. Phvs. . vol. 71, p. 1506 (1979)/ 
D;M. ivory et al,. i7i vn«»' " « — » 

£->K /i<j79'i : K.K. Kanazawa 
, A.F. Diaz et al, ghPin. Ccim^tun., P- 635 (1979), K. 

« 854 {1979): G. Tourillon et al, i. 

1V3 (1982),- K.H. cenies^t 
. al, Syn^li^Ji^. vol. 36, P. 13^ (»90); H.W. Gibson et al 

W vol 105, p. 4417 (1983); M.C. DOS Santos 

„ .t ,1, mM^^^^i^^' ' , 



• ' • . • i 

•: gQTidiie^i,na Polvmers .. Springer Series in Solid State ScieTices ,.- r .. i 
Vol. 102- springer-Verlag, Berlin,. 1992.. ] 

• . - - * - . . : 

Preferably,, the conducting . polymer is pplypyrrole (PPy) . \ 

w m., ^ ; 

or pplyaniline (PAni) • It. is. particularly preferred, that the. 
5 conducting ppljpber be. PPy. • Moreover, it. is especially. 

.C 

preferred that the. conducting polymer be PPy with the } 
counterion . of .anthraquinone«^2 -sulfonate prepared in tho . , ' . 
. presence of 5-sulfpsiaLlicylic ..acid. Such PPy.' can be prepared • 
. . as described .in ■R.V...Gregpry ..et al, .5yzitAetlc.>fetals', vol. 28, . 

10 p..^823 <( 1989) which is incorporated herein by reference. . 

■ . • ' • ' ' * * 

The substrate: may be any substrate on which the . s 

■*•••. ' . " • 

■ * .* 

• conducting polymer can be formed. Preferably the siibstrate is 

* • ■ ■ ' * ' ■ - . ' ' .* 

a dielectric or semiconductor « Examples include inorganic 

substrates such, as glasis, quartz^ silica, silicon, silicon ' - ^ 

15 carbide, silicon nitride, alumina, aluminum nitride, titeoiia, 

• ■ ' ■ *...".• 
. titanium nitride, and diamond. Organic substrates include ' 

■ 

pplymers,. plastics,; waxes; -specific polymer materials include 
polyesters (e.g., polyethyleneterephthalate) , 
polyvinylacetate, polyolefins (polyethylene, polypropylene,. 
2C polyisobutylene, polybutadiene) , polyethers (polyethylene 

oxide, polytetrahydrofuranj polyvinylmethylether, 

• ■ 

polyvinylbuty lether . polyamides (Nylon 66), polyacrylamide, 
polyimides, polycarbonates, polysulf ones, polyketones 
(polyvinylpyrrolidone) , f luoropolymers 
25 (polytetrafluoroethylene, polyvinyl idene fluoride, 

poly (tetraf luoroethylene-co-hexaf luoropropylene) ) , aromatic 
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Satiate . airylio P?**""?- 

■ft p^ii«0««,li= .old, , PheniUo^ p?^VB^- tP°^^.^^^ . , , 

: ccpoay^s. d.riv.«*.... a»i ^ V 

: - i^iie.«<»e are ««ible, triu«p««.t P-ly^r. «eh «. ^ -. 

i ' : ,l»oropoly.»s. in . ^,t^:«^^^ : 
i,^ ««iibl.: in particularly tr««:r«i »b<»ii«nt. tn. 




25 



^^^o^^ori Herein by reference, 
are incorporated nerexii . . 

;., Ti,, surtac, =1 th. c<»ductln, pol,«r can b. for..d on 
snrfic. substrata «.lng any cc„»«*i»»l..etnod- 

Thus, a inlutKm of pr.for«d polyer nay b. spln-c«.t»l or 
dip-coated on tb. substrata. »»..v«:, it U pre«err«. tbat 
th. conducting polynar «««ac b. Ior«d pn tna surface of tbe 
.ubstrat. by in-s«u poly.eri«tlon of the .»»~rs .bicb .^e 
up tbe pol,«r in tb. prasanc. of th. substrata. Tbe in-.itu 



formation of a siuqface of PPy is described in R.V^ Gregory et 

al, synthetic Wetals, vol • 28, p. C-823 (1989) , which is 

... ' • " . ' * • • 

incorporated herein by reference.- The in-situ f bmation of a 
surface of PAni is described in J.H. Chetrng et al, SPlilji 50lid 

• . • ■ - ' • • 

Films, Vol. 244, p. 985 (1994) , yhich is incorporated, herein 

• • ... • 

by reference. 

The first step (a) of the present process thus yields a 
continuous layer of the. conducting polymer on the surface of 
the substrate. Typically, the conducting polymer layer will 
be ^. nm to 1 mm, pref erably lo nra .*o 500. nm, . thick.; Control 

of the polymerization conditions to obtain a layer of 

■ '. • ' ' . • ■ 

conducting polymer having the desired thickness is within the 
abilities of one having ordinary skill in the art. 

In the second step (b) , a patterned surface of a blocking 
material is formed on the surface of the conducting polymer. 
The blocking material may be any conventional material which 
does not adversely affect the properties of the conducting 

• • • 

polymer. For the purposes of the present invention, what is 
needed is a film of sufficient thickness that can be applied ' 
to the conducting polymer surface in a patterned fashion so 
that it can effectively block an etchant (or conductivity- 
altering reagent) for the conducting polymer in selected 
regions of the substrate*, and then be removed to reveal 
patterns of conducting polymer and no conducting polymer, or 

' * ■ 

conducting polymer and altered conducting polymer. 
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DY any , » . ^ - ^^..^oo 

> P^emwise 

• ^' • r - m the «i^e of radUtion-inducrcd patterning ot. the 
Spraying, in ... . _ -^.^.v 



spraying, xii— — . v 

• ' .terial the blbckihg material will be a resist and 
blocking mater xai , ™« . ? . . 
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st^p (b) Will involve the 
... (K) forming a surf ace of a resist on. said , . 
_ surface; of said conducting polymer;, 

• ^ actinic radiation in a patternwise fashion, . 
. ; to obtain a patterned siirf ace dontaining. ; 

regions of resist vhich have been «5K,8ed 
: •: - fe^^ actinic radiation ^nd Regions of . . • 

. resist which have not been exposed to said 

• • . . ... - 

actinic radiation? 
(b,) developing said patterned surf ace obtained . 

.: . in step (b,) to obtain a patterned surface 

containing regions of . exposed conducting , .. . 
polymer and region^ of- remaining resist;. 
Vbr radiation-induced patterning, the blocking material 
«ill be. sensitive to photons (infrared, visible. 07. x-ray). 



- i««trons A typical imaging f il» would, then he a 
ions, or electrons, n itf ^x^- 

^o«i8t or e-beam resist. Description 
photoresist, ion beam resxst. or e be . . 

various, t^s of imaging fil^s. such as ^^^^^ 
^ resists, x-ray resists, including chemically-amplif xed 
and non-a.plif ied photoresists, as well a. positive, and 



negative tone resists, are found in: .Wv. Moreau, Semiconductor 

* * • • .*»•*•. . . . . • * • 
T.it^hooraphv ^ Principles, Practices, and Materials > Plenum 

Press f NY , • ^aptecs^ ]^«^.9"^2 58 • ; R Dammel , 

• • . . . ' . • * ... 

Diazonaphthoouinone^based Resists' .. SPJE Press, Bellingham, WA, 
•1993; £• Reichnanis, S%A. MacDonald, T. Ivavanaaa> Polymers in 

♦ - • • 

^icrolithooraphv! Materials and Processes > ACS Symposium 
Series Vol. 412^ ACS Press, Washington, DC, 19.89; L.F. 
Thompson,. C.G. Willson, and S. Tagava, Polymers for 
Microelectronics: Resists and Dielectrics , ACS Symposium: 
Series Vol. 537, ACS Press, Washington, DC; 1992, all of which 
are incorporated herein by reference.. 

Alternatively, another method for applying a patterned 

* ■ * • 

^blocking film would be to phY^|caji,ly gtemp or spray a blocking 

material onto the conducting polymer surface in the selected . 

» ■ ... 

region', and then proceed with etching or doping of the exposed.' 

xegions of the conducting polymer surface. In the. case of * 

stamping and spraying, any inert material which can be readily 

removed without adversely affecting the conducting polymer 

layer may be used as the blocking material, such as a ~ 

polymeric naterial as described above or a nonpolymeric 

■ 

material such as a wax or a compound which contains a long 
(^2oo) alkyl chain or other hydrophobic group. . 

Examples of specific commercially available e-bean 
resists and photofesisi:s include: S1400, S1800, SNR-248, 
SNR-200, and SAL-601 (all from Shipley Co., Marlborough, MA); 
the AZ 1500, 1900, 6100, 4000, 7000 series and the AZ P4000 
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» • • 

> « 



MllvauXee^WI) :- preferred ' 
: as loweir cost, vide availability, ana^sensitivi^ , 
and long wavelength UV, are the diazoniphthoqu^^^^ 

• ; typesV ^plified:fay;1^;si400, ^S^^^^ 

10 : AZ-4 4 00 and 4620 seried resists. . J. " • ' 

.. Either a positiye.or a negative pbotpresist »ay t«. used. :. 
. A positive photoresist .is one in whi<^ pattemwise i^adiatiin 
' wi th actinic radiation aiyl s Ubsequiu.L j eve3x>p»ent-a£^ep^^^ • 
patterned surf ace in , which the phototesist whi<a» >«s , 
is irradiated is removed from the surface. .A negative ' : 

photoresist is one in w^ich patte«>wise irradiation W^th 
actinic radiation and ^subsequent development 'affordftja.: ' . 
patterned surface in which the photoresist which w^: ,»pt 
irradiated is removed frdm the surface: ; f .. • 

20 The surface of the photoresist may be formed on the 

sutface of the conducting polymer by any conventional method, 
such as spin-coating, dip-coating, roller coating, etp. Spin 
coating is preferred- for wafers and smaller U"-) substrates 
Roller coating is of particular use for large area substrates 
25 such as large area liquid crystal display substrates. 



■ Photoresist layers for this type of process laay range 
ibetvreeh 0.01 and 10 microns in tliickness; typical values are 

0^5-2 nicronsr although thicktw: and thinner ones, may 

.•• • •■ t . • • 

conceivably be used. . . , „| ^. . 

In substbp {b4),rthe surf ace^of. the photoresist is exposed 
to actinic radiation. The exact nature of ^ the actinic 
radiation used will depend on the type of photoresist . used in 
the second .step (b) • 

." ' * ■ 

—Photoresists of the -novolak-diazonaphthoquihpne, type are, 
typically - sensitive throughout the UV to near visible rsmge. 
i.e., from. -450 nm down to 190 nm and below. Chemically- 
amplified photoresists are generally designed! for use with 

^ high resolution exposure-tools such as...djeiep. UV steppers , and 

*, " * . • .' 

are usually sensitive to radiation from about 365 nm down to 

* ■ 

. 190 nm and below. For a description of the operation of 

optical and other radiation exposure of resist3, see: W. 

• • 

Mozreau, Semiconductor Lithoaranhv - Princ iples. Practices, and 
Materials . Plenum Press, NY, 1988, particularly Chapters 8 & 9 

(pp. 365-458) which is incorporated . herein by reference.. 

* 

Typical sources for photolithography include: hig>\ pressxire 
and low pressure Hg lamps (emitting UV and visible light, 
operating from 185 nm thru TOO), and laser sources (e.g., ArF 
and KrF lasers, operating at 193 nm and 248 nm, respectively) . 

The surface of the photoresist is irradiated in a 
patternwise fashion by using a photolithographic masX. A 
discussion of photolithographic masks and their use in 
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401-402, 



jjaieEial^; Plenum press/ 1«V . 1^88. PP^ 379-3^ a,. 
vHich is incorporated herein l.y reference. rThe exap^ g^c»aetx^ 
of the -ask will aepend om d) the pattern of th^ dohductin^. 
polymer de8iredr(2) whether a positive or negative : 

is being used- and (3). the type of agetot 
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tised in ^tep <c) . . 
^ Thus- the second step (b). affords a continuous layer of . 
Photoresist on the surface of the layer of the conduCtin..- 
polymer, ^control of the conditions, in the method u^ed f or 
forming the photoresist surface to obtain a layer- of 
p.otoresi^;having the desi.«i «.i^ess ^s veil withi^ the 

abilities oiE the skilled artisari. 

- .«ne„^.ingapositive;photoresist 
either U) removes the conducting polymer fro. the regions of 
exposed eonducting polyme^; or . Cii, - decreases the conductivity 
of the conducting polymer in the- regions of exposed; conducting 
polymer, the mask will haVe a geometry such that those regions 
of th. surface on which no conductivity or reduced ; 

„ -i^od are irradiated and those regions of 
conductivity are desired are irraaxa 

the surf.ce which are desired to exhibit good conductivity are 
not irradiated. When a negative photoresist and an agent 
«hich (iii) . increases the conductivity of th. conducting 
polymer ax^e used, the same type of mask may be used. 



Alternatively, when a jpositiye photoresist is coupled ' ,>.v 
with an agent of type, (iii) or vh^ a negative • photoresist is \ 
coupled w it h an age ntrpf-typg-ti) rorr (rl) , then-ttoe mask wxU 
have a geometry such that those regions of the surface on • 

which no conductivity or reduced rconductivity are desired are ; 

. ■ • . ■ 

, • * ■ . • • 

hot irradiated and* those- regions of the surface which are 
desired to exhibit good conductivity are irrjadiated. 

The time of the. irradiation will depend on the intensity 

' ■ • ■ 

and wavelength of the Irradiation source and the thickness of . 

the photoresist layer. The . ad justment of the radiation tine 

• ■ ... 

to achieve complete irradiation of the desired regions of the* . 
photoresist surface is well within the abilities of the 

— ^il-led-artrisani-^^ : — 

Thus, siibstep (bi) of the. present process yield a first 
patterned surface which contain regions of photoresist which 
have been exposed to actinic radiation and regions of 
photoresist which have hot been exposed^ to actinic radiation. 

In substep (b,) the patterned surface obtained in substep 
(bj) is developed to remove regions of photoresist. The 

■ ■ * 

development is typically carried out by contacting the first 
patterned surface with, a reagent or solvent which selectively 
removes photoresist on the basis of whether or not the 
photoresist has been exposed to actinic radiation. When using 
a positive photoresist, the developing step will result in the 
selective removal of the photoresist from those regions of the 
surface which have been irradiated. When using a negative 
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; • - phoiotesist> - ^ developing step will 



10 



* 

result^ in the 





^^l-^df ^ P^6resi^ f^>Pse re^ons of >^ surfae,;; 
whifch have ';nc^i been, irradiated; suitable .developing reagents 

in Chapter 10 of fi»v-«ativet al> ■ 

^-.:;^ ^.,;^.o;.-T.t thnnr.phY - yrin<^i <' n metises, a^^ ^ 

^^^l^/^vie^ Prtes, MY, 1988, pp. 459-544-, Which is 

tocorjioratedvh«rein by reference. 
: S^^^^ affords a patterned surface which 

.bbntain^i^ of ! ^osed conducting polymet^ and regions of 

photoresist. Cbntrol .of . th6 conditions, such as . 
= ti*e, t^rattire an^ concentration, to ensure complete 
a.veiip.ent iii sUbstep (b,) is also well within the abilities 

• , ... • . r» 

of the slcille* a*^i^"* ' : 

in step, (c) of the present process, the first patterne^. 
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surface Obtained in: the step (b) is treated with an agent 
Which: (i) r«.oves the conducting poly-er; froni the regibns of 
• e^cposed bon*iOting polymer; (ii) decreases the. conductivity pf 
the conducting Poly»er in the r^ions of, exposed conducting^ 
polymer; (iii) in-eases «.e. conductivity of the conducting 
polymer : in the regions of exposed conducting poly»er • 

:.Ex«bpies,of agents which (i) remove the conducting, 
polymer -fr6. the regions . of exposed conducting polymer include 
hoth physical and chemical etchants. Examples of physical 
etch.nts include ion milling (e.g., Ar ion bombardment), which 
would etch the PPy and bloOcing material at comparable rates, 
and therefore remove the PPy before the blocking material was 



eaten, away. This, requires a complicated, . expensive tooL and 

■ ^ 1 _ . n • k 

is less preferred. Chemical etchants nay take the. form of a- 

. • ■ 

sblutlLonror v apor phase. . E xaapieg~yf -vapor-phase etchants , ^ . 

■ ' . . • . • . • ' . •-•*■. • / 

include an oxygen or air; plasma, tHat oxidize amd eat a>ray the 
resist and PPy at comparable ratios. The ion milling and 
plasma etching approaches are ^ood with photoresist masking, 
because the resist is thick compared to the conducting . 
polymer. For solution etching, there are two main 

requirements of the etchant: the conducting pplymer. has to 

... t* • ' 

either be soluble in the solution, or be converted . to a 

..... 

. • • • . ■ - * , , 

soluble species in the etchant, and the etchant must also not 

,*.■•• ■ . • ■ ' • ■ 

dissolve or distort the blocking material. 

• • • . • . 

• - - . ' . 

many organic solvents (see discussion on resist stripping 
below), especially polar ones, most organic solutions are 

« • ■ - 

unsuitable as selective etchants for. the conducting polymer 
which will not also attack the photoresist. PPy is generally 
an insoluble material. Therefore, the polymer PPy could not 
be readily synthesized, and then cast into films for 
applications. It is for this reason (as well as overall 
process simplicity) that the in*situ deposition process is of 
such importance.' Organic solutions are also, less preferred 
than aqueous solutions for disposal purposes. 

There are a number of reports in the literature of 
electrochemical * or chemical oxidation of PPy -with various 
reagents, including oxygen in the presence of water, PbO,, Ag* 



• . • • • . • . 
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. " ' ' .. ' . - • • 

Ctf»,. Pe»*; Br,; i,. .Speirtioscopic. sitidies ^ugge^^^ 
pxidatibn of PPy with tliWse reagent^Hiivblyes changes, sudi as 
Hydirojcylation of the pyfrplyl nitrogen 6r conversion of . V/v. 
•pyrj^ole ring »eid»yaene groups to ketone or carboxyliWaci^.. 
. fmictltfnalities, but do^s not subs^ESntialiy break up thi» : . 

polyker into soluble material (seiv-.6*B- Street, 'T.c; ciarkfe, ... 

M* Krobnbi, K. Kaiiazawa, Y. Lee, P. ?fluger, J.p.^ Scott,- and :. 

G. Weiser, wi»i.»r«lar cr ^st^als and T.ifw Id Crystals, Vol. 8p,.; • ; 

ppv 253-?"64 (19»2); C. Kakouris, JiA. Crkyston, and J.:^:. : 

Wklton, SYiittietisJIStalS,' vol. 48, pp. 65-77 {1?92) P. A. 

Christensen and A. .Hamnett. Electrochiaica Acta, Vol.- 36, 

pp. 1263-1286 (1991) ; J. Lei, W. Liang, and c.R. Martin, 

C Yn>>,^^-ic. Metals , vol. 48, pp^ 301-312 (1992.) . In fact, ' . . 
Street reports that oxidation with Ag*, Cu*^, 7^'% Bfi, I, 

serves to' incEgasa the conductivity of the PPy; whereas . " . 

oxidation .with air or oxygen results in decreased 

• • • 

conductivity: 

The only report that describes dissolution , of PPy by 
proposed degradation into monomer ic, diaeiic, :and other 
soluble fragments i3 the, report by C.C.. Chen and K. Rajeshwar, 
, ^.,^»o>.«.». SOC. vol. 141. pp. 2942-2946 (1994). Here, - 

Chloride. ion was electrochemically oxidized to hypochlorite alt 
a PPy coated electrode and the disintegration and dissolution 
" of the PPy from the electrode was observed. No suggestion was 
made for using the electrochemically generated hypochlorite 
for patterning PPy; in fact, the worK revealed this reaction 
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" • . . • 

• • • 

td^toc a delet;erious s.ide ef feqt in the use of PPy as an 

» " * • 

electrode coating for \battery .cells using diloride ion 

.electrolytes. ... 

• • • . . • « ■ . . • • / ' • • . • . 

• • . ^ • ... 

. • . Thus, oci* is .the only: reagent reported in the literature 

• • • ■ • 

5 that can function as an etchant for PPy.' Also, as it does not 

dissolve or degrade the photoresist, it is ideal as an etchanV: 

• • - ■■• . ' 

for the present process. /Ceric (IV) ammonium sulfate has now . 

been found to function as an etchant by removing the PPy from 

■ • •*■;.' - . ' ■ ■ ■ . 

the substrate. The mechanism .of = its operation is unknown. 
10 Both hypochlorite and ce(IV) sure strong oxidants, with formal 
potentials of +1.63 V (vs. HHE) and 1.44V (vs. NHE) , 

♦** 

respectively. However, oxidation potential is. not the only 

■ • 

important factor,, as PbOj;- which is reported by Kakouris to 

• " . r - 

oxidize PPy, but not dissolve it, has a formal potential of .= 
15 +1.46V - greater than that for Ce(IV). Hydrogen peroxide, 

manganese dioxide, nitric acid/ and perchloric acid, all shown 
in Example 2 below to have little effect on the dissolution of 
ppy, have formal potentials of +1. 78V, +1.21V, +0.94V, and 
■1:1. 19V, respectively. All of these oxidants can be compared • 

20 to the electrochemical potential for oxidation of PPy, which 

. ■ ■ ■ 

j^s -r-o.av; 'so every one of the oxidants mentioned above has in 

- 

excess of IV driving force for the oxidation of PPy, yet only 
. two reagents were found to be able to dissolve (as well as 
presumably oxidize) PPy. 
25 w Other agents which may be used for PPy removal are 

strong, aqueous oxidants and include: permanganate ion (Mn04', 
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+1 52V)/hlrt>c*«ro»lte^^^^ nitric :ixi^e .(»9V ; ^ 

*2.0V). Ail electropKeiiickXVpot^^^^^^ 
: ^-^.v^^ ». .^nn^nfin^^P<i T>nYri^S;-53rd Edition. CRC , , , 

»^ J* 

press, 1972-73, pp. 01^3?-*^^?; 

Hypochlorite salts. ,hd cerW (IV) salta preferred, ' 

Ar.r. ™av be- any that does not. interfere or have a 
• The gegen ion »ay. oe any . 

effect, in th«: .cji^> P« hypochlorite, : Ha and K J^y 
10 tte. laerttxoned as suitable datiohb - In the case of ce(IV) ,;the 

^ ammohiuii sulfate salt ha^ been: 

Ort the other hand,. PJUii Un be synthesized in a 

-^^i^^^ a substrate (we 

:. ixse di»ethylaceta.ide; solubiiity in di^thylfor»a^ide, H- 
15 .ethylpyrrolidone, .t. a<^eous acids has been reported; see. 

K F. schoch, W.A. ByersV BucXley, synthetic Metals , Vol. 

• 72 pp. 13-23 (1995) K.G. H^oh, M.Y. P«n, E.T. Kang, and K.I.. 

Tan, syntlmti^jl^' V6I.-73, pp. 209-215, (1995)).. 

Af solvents that dissolve the 
However, the sa»e general types 6f solvents 

20 PAni alsb will liKely swell or dissolve the photoresist, ^o, 
- it is not: obvious at this point whether the solution^based 
removal approach can identify the proper combination of 
' etchant and resist strippeir syste-i^. Preferred oxidizing 

agents include salts of ,hypochl<iri1:e. sidh as potassium or 

25 sodium hypochlorite,, and eerie ammonium sulfate. 



. V • AS shown in the Exampies given below, removal of PPy by 

■ *. . 

th^ hypochlorite and Ce(iv). etchants. was essentially. complete y-:. 
' within seconds. Typicany"/ tKese oxidiiing agents will be . 
: applied to the first patterned surf ace in the f ofm of an. 
i aqueous solution. In the c^iise off^hypochlorite, p-Opl:wt>% to 
50 wt.% solutions in. water ar^ suitable, and .l wt.« to 10 wt.*- 

* • 

solutions are preferred.. In the case of cerium ammonium 
sulfate. 10** to lO M in water solutions are suitable^ and 10'' 

• * • • • 

to 1 M solutions are preterred. . Typically, the first 

* 

0 patterned surface will be treated with the oxidizing agent at. . 
15 to 95*C preferably 20 to 30*C, for a time pf 0.1 to .100 
minutes, preferably 1 to : 10- minutes. The control of the exact 

conditions to ^dteievB-ncompiete-^c^moval^^ the exposed 

conducting polymer is well within the abilities of those 
15 having ordinary s)cill in. the art* 

Of course, it is to be understood that it is not 
necessary to remoye all of . the conducting polymer from the 
regions of exposed conducting polymer. Rather.it. is only 
necessary to remove sufficient conducting polymer so that th6 • 
20 conductivity in the regions of exposed conducting polymer is 
decreased to a level significantly below that of the 
conducting polymer in the unexposed regions. For example, in 
the case of PPy, a 15 nm thick layer will typically have a 
conductivity of 500 S/cm. Since the conductivity of the PPy 
25 decreases with decreasing thickness, removal of only a portion 
of the PPy from the exposed regions will result in a decreased 



c^ducrtii^iti^ iA tkc^^^eg^ - A decrease in ^ conductivity by ; 
i-iactor: even vithout re»pying all 

tAe condttcAing pblyaer. f roa the exposed, regioris.. Wh«i the 
:0c,,r^^i^ coiidticting poly-er is l«ing .used -as. a 
ci5?cuit ^«>r. in a bio<:h^ a decrease in conductivity: 

' ii^'^ t^ oi:i9^,^^etkt^ 50», is sufficient to r,esult in 
•selectiye: ppiiducticii through, the regions of higher , • 
: fecih^uctivity. Wheh the present patterned surface is being 
.us^ in tiiquid Crystal display, it is preferred th^t.the .. , 
■ coUuUivity ot the^qsed regions of conducting poly-er be ' 
. liediicedV^uch tilat the ratio of the conductivity of the 
unieat^d conducting polymer to the conductivity of the 
. 'treated cbhductingVpolyma^ be at- least. ip>, preferibXy 10*. 

The chsnge ik surf ace resistance that was obtained in 
Example 2 beiow, w^i a decrease of .-150X. Specifically, in . 
one ix^ple, for a starting value of surf ace resistance f or . 
: PPy.of a.S koh»/sq :(icoh« - 10» oh») , treatment. with KP-3 12 
develops <tetraBeth;rla»»oniun hydrox^^^^ 

• p^oduc^ a surface resistance Of -305 kohB/sq, giving a change 



of 122X. 

The effect of. having regions of higher vs. lower surface 
risistance. with respect to liquid crystal switching is to 
flatten and spread the intensity vs. voltage curve. 
Differential swit<Aihg in one region vs. another occurs but 
depends strongly on the switching voltage frequency. Thus, 
the liquid crystal LC switching characteristics of those 



r' regions vould.be different,, which nay be used in a display 

• ■ « . • ■ • 

. bonf igutatlon. 

/ . 

Examples or agents which (11) decrease the conductivity 
: of the conducting polymer In the exposed regions of conducting 

polymer Include hydroxides of the' formula Rt.^NH.^, in which R 

' ■ .' • ' • . 

^ is Ci.4-al)cyl and x is an Integer of 1 to 4 and aerial 

. oxidation.. Bspecially preferred is tetramethylammonlum 

. ' • • . . 

hydroxide. As In the case of the agents of type (1), the.' 

agents of (11) are typically applied to the second patterned.' 

* • 

surface in the form of an aqueous solution* In the case of 
R^.^NHjt^OH"" , 10".* to iO M solutions are suitable, and.io;^ to 1 H 
isolutlons ' ar e preferred. 

— '■ r— The-^xaet-conditions-of— tijeatmeiit^ith^ of type 

(11) will of course depend on the exact nature of the agent 

• ■ 

* and the conducting polymer. In the case of a 0.27 M aqueous 

■ * 

solution of tetramethylammonlum hydroxide and PPy, good 

- 

results may be achieved using treatment times of 6.1 to 100 
' minutes, preferably 1 to 10 minutes, and temperatures of 15 to 
95*C, preferably 20 to 30'C. As noted above, when the present 
- patterned ' surface is to be used as a circuit or in a* 
biochemical sensor, the treatment of the second surface with 
the ^gent of type (11) is suitably carried out so that the 
conduct.lvlty of the conducting polymer in the regions of 
exposed conducting polymer is reduced by a factor of* 10%, 
preferably 50%. However, when the patterned surface is to be 
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as described' above. . . ... 

iiK^Ii^ s^roiig(|.rc^c'icid^/:^ . Various, oxidants > 

(see ^g^IiV and>attplW 2) , and i^eirti^ oxidatipn. 
preferred ageVit^ of i^^^ H»b,; and HClb,. 

A^aihv^ the ^^ond patterned surf typically treated 

with in a^**i>«^ .sbl^^^^ ^g6nt of type ^ii) ^ . ^n; "the - 

case>f;st:ion^ PX^ic.aci^, suc^^^ 

H,SO,/l^-* to 10 M solutions are^^s^^^^^ a»d 10^» to 1 M. 

solutions ! are 






The , e: 

■ second pattered surface, Will delp^ on. the identity of the 
agent of type (iii) and^the conduciiAg poiy-er.. in the case 
of a i M solution of HHO, and PPy , good results »ay be achieved 
using a treat«^t time of o.X-to ^OO minutes, prefeifably-^ ^ 

and a temperature 6t is .tQ 95«C, preferably 20 to 
30OC. When th^ patterned surface of conducting polymer , is to 
be used as a circuit or in a biochemical denser, the 
With the agent of type- (iii) is suitably carried out so 

• • * • 

the conductivity bf the exposed conducting polymer is 10%, 
preferably 50%; greater than that bf the conducting polymer in 

the unexposed regions. 

Thus, step (c) affords a surface which contains regions 
of blocking material (remaining photoresist in the case when 



substeps (b3);and b,) are use4) and. regions in which: . 

(i^) at least a portion of the conducting polymer has been 
removed; (ii') the conduct iv4t¥.--of---the^-exposed-^conducting. 
polymer has . been decreased; or (iii') t^e conductivity of ; the 

exposed conducting polymer has been increased* 

* ■ . ■ 1 ■ ■ ■<•,%■* 

In step (d) > the blocking material is removed. 
Typically, the remaining . photoresist will be removed by 

" 4 

washing with a solvent or stripper. The exact solvent will 
depend on the identity of the photoresist. Strippers for 
-resists are described in Chapter. 14 of H. Moreau, 

Semiconductor Lithography - Principles . Practices . and 

Materials , Plenum Press, NY, 1988, pp. 779-812, which is 

» ' • . . . * 

-4^corpQr.ated.herein-i>Y^eferen ce> T he obje ctive here is to 
strip the resist without aidversely affecting the conducting- 
polymer that remain^ on the surface. Strippers can be: 

1) . Organic solvents, typically polar solvents such as 
chlorinated hydrocarbons (e.g., methylene chloride), ketones 
(acetone, methyl ethyl ketone, methyl isobutyl ketone, H- 

; methylpyrroiidone) , esters, alcohols, dimethy Isulf oxide. .. 

Preferred arc non*toxic solvents like acetone that have been 

* • 

shown (Ex. 2), not to affect PPy; or 

2) Aqueous strong acid or base solutions. 

In the case of the photoresist S1400, acetone is the 
preferred solvent. The selection of a suitable solvent for a 
given blocking material is within the abilities of those of 
ordinary skill in the art. 
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^ • ^i-rst step tai and 

increased; \ . ' . i^^^ 

Xn cases (i) and (ii) , the- regions of conauc.xng. pol^« 

w ««t exposed and which were not treated with an 

which were not exposea an . . - vk- 

. a,e.t in i«P X-) '"i » con*.=tl«t, tn«. th^ 

conducting poW ..ji* ^ . 

an i,«.t in .t^ (O .i» ^v. . Vov« 

,„^,it,:th» th., r^ion. (iii'). ^ , „ 
BY MM- »«• aw pro""* ^' 5^ 

^iC paWem o. ccndncti^ p.ly«r any ,~-try « 
, p.«.xn .hic» is P6nv.ntic..lXy ..cni.v.M. usin, - _ 

photolithographic tochniques. •»«», it iS pos . 

p,tt«ni i» Which th. lin. Width Of the r.,lon..of hi^ 

conductivity o. ^o,, conductivity i, as .ine a. 

iin-idthS. usin, cogent st.t.-o«-the.art optical Xitho^aP*^ 

.T^d -10 rm or below using state of the art 
^5 techniques, and -iP nm . 

w^,«. oT- ion beam exposure tools, 
electron-beam or xon r 



The patterned isurf aces of donducting pplymer produced by 
the present process may be used i as the conductive element in , a 
liquid crystal display device. . Thvis,. the present patterned • 

- • * • * * ' 

surface can be used as a replacement for a conventional 
patterned surface of ITO. in a li|^id crystal display device. 
However, as alluded to above, due to the flexible nature of 
the conducting pblyifters, it is preferred that the present 
patterned surface of conducting polymer be. present on a 
flexible substrate and constitute the conductive element in a • 

flexible liquid crystal display device. 

, • . . . 

• - 

Figure 1 is a schematic diagrsua of one embodiment of the • 
present method. In the first step, a film of PPy is formed on 

a^^plymerTubstratev--^n--the--sec 

• • • _ • ' 

photoresist is spincoated on the PPy. In the third step, the 
photoresist is exposed to . actinic radiation in a patternwise 

fashion. In the fourth step, the exposed photoresist is 

developed to remove the photoresist from the regions which 
. were exposed to actinic radiation in the third step and to 

eipose regions of PPy- In the fiftl) step, the exposed PPy is 
. removed by etching, and in the sixth step, the remaining 

photoresist is removed. 

The present invention will now be explained in further 

detail in the context of PPy. However, it is to be understood 

that the good effects of the present invention may be achieved 

using other conducting polymers; 



This invention desfci^ibes a sii»pl«v : practical process for • y> 
producing high resoluttoii pattemW. o£:;a conducting PO^y»^ P^.; ^ 
polV» er ic snbst mei . • Thi^ approat< arTHan^^ 
conte»piated in ahy.o* H=^e previous f^p^rts on. Sdife. 
of conducting polymers.- Ttiiji f ilmS of PPy can be dej^sited 
tho.in-situ: netliod onto piasina-m^ified f lubrbpilyin^^^^ . . : V^" 
st^strates using previi>iisiy described ' procedures . ; A , 
photoresist is then applied to the! conducting polymer; fila. . 
The photbresist is exposed With oy light through a contact • 
inasJc, and is developed tb fotm a pattern of photoresist,oiv top., 
of the PPy film. An aqueous solution pf Sodium hypochlorite 
or other reagent is theA applied ^to the photoresist-coated PPy 

^ppy :f4.4^n-;f feom-^Jfehe-regiohs-^^ . 
"Finally:,; «ie photoresist is dissolvcdL f rbm the 
slurf ace using a solvent such as acetone, leaving patterns of 
electrically conductive PPy on the /f luOropolymer substrate . A 
schematic description/of this prbcess is. shown in Figure 1. 

Th4 PPy-patternea substrate is then used as the patt^- . 
forming conductive element in a liquid crystal display. 

In a variation of . the present invention, the PPy is . 
deposited onto the f luoropolymej^ substrate as above and the 
photoresist is applied, exposed with UV light, and develop^sd 
with an aqueous solution of tetramethylammonium hydrpxide 
(TMAH) - a conventional commercial photoresist developer- The 
TMAH increases the surface resistance (and decreases the 
electrical conductivity) of the PPy by a factor of -150, but 




does riot remove the PPy from ^e^.substrate. . T^^^ 

■ ;■ . ... 

is then dissolved from the . sub^txrate as above. . In 'this, case, 

• - * 

thfe highly conductive .pPijr regiohs^^^c^^ active' 
regions of an LC di^lay, whereas ^e a^re.hig^y resistive, 

base- treated regions will not swj^tch; as effectively at the 

• . • • . . 

... 

same applied voltage and do. not fimcftion: as aqtive areas* 
This configuration may, be preferred in applipations where the 
complete removal of the PPy film is hot desired^ In this 
embodiment, steps (d) and (e). are combined. , ... . . 

Finally, certain reagents. such. as hydrochloric acid, 
nitric acid, sulfuric acid, and perchloric acid as well as 
those reported in the literature have been found to decrease 

• • ■ 

the. surface resistance-tahd-increase-^e-eenductiyity) of as- . 

* * * . • - 

formed PPy films by up to a factor of 3.. Treatment of PPy 
films, either before or after, photoresist patterning 
procedures described above, can be used to optimize the 
electrical characteristics of the PPy for display ^ 

applications. , * . ' 

Materials and methods for producing patterns of 
conducting PPy patterns on f luoropolymeric substrates, are 
described in the examples below. . However, the . photoresist 
patterning method, coupled with appropriate reagents for 
either removal, impairment, or enhancement of the electrical 
properties of the conducting polymer is. a general concept that 
can include non-f luoropolymeric substrates (including 
inorganic and other polymeric materials) , other conducting 



':.} pblyaeirs (sxkch as polyaniiine, poiythiophene, pbiyacetyiene) ^ 

aiid otber etchants (solution phase or plasma) . . The patterned - 

••. * ' ••••* 

conducting polymer s.\ produced by this approach can be used fbr 

liquid crystal displays /sensor? or teansducers for y ■ 
■electrochemical, radiation, temperaturey or acoustical input, . • 
microelectronic cirduitry, , or other applications where 
patterns' of electrically conducting polymers are required. . . - 

Other applications of the..patteimed conducting polymers * 
' ■ • • * ■ ■ . 

afforded 'by the present invention include:, actuators; ... 

" antiradiatibn coatings; antistatic .coatings and carpets; . , .. 

/coatings , fibers , £ ilns , paints / etc . ; artificial muscles ; : : 

• ■ 

batteries (lightweight, high ener'gy density, rechargeable, 

- - • .. * • • • ' . . 

flexible, odd-shaped); capacitors and super capacitors; . 

catalysts; coating for initiating electroless or electrolyt4.c 
-' . ".*.*••. 
5* metal plating on dielectric substrates;: conductors 

: (lightweight) ; contrblled-release medicine delivery system?-; 
^ corrosion-preventive paints; displays; electrbchromic and 

• electroluminescent displays; smart windows; electrodes. ^ 

. . • ' ■ . *. ♦ 

• (catalysts, fuel cells, etc.); electromagnetic shielding; v, 
10 electromechanical actuators' for biomedical devices, . 

micropositioners, microtweezers, microvalves; . etc. ; electron- 
beam resists; field effect transistors; fuses (reversible) -rgas 
: separation membranes; heating elements (e.g.., clothing); 

infrared reflectors ; photolithographic resists; loudspeakers. 
25 (electrostatic) ; memory devices (electrical, optical) ; 

molecular electronics; micro- or nanoelectronic circuitry; 



nonlinear, optics;; packaging materials; pH modulator ;,. ' ^ 
polymer/ solid electrolytes; semiconducting devices: p-n 

junctio»r~phot©vol1t;aics^— Sclwttk¥-di?^^^ 

diodes r transistors, etc.; and transparent conductors • 

Such applications are discussed in iT.S. Miller, Adv. 
Hater* r Vol. 5, p. 587 (1993) and in. Moreau, pp. 759-823, 
vbich are incorporated herein by reference. 

A polymer or. glass fiber coated with PPy or other 
conducting polymer in a. . selected region may . be used as a 
biocompatible electrochemical sensor that may be inserted or 
implanted into a. cell or other snail area. It has recently 
been reported that neurons may be stimulated by voltages 
fippli***^ a conduct ing polvmer-coated pl astic; there was no 
pattern definition involved. The present invention may be 
used to provide electrical stimulation to neural networks much 
like those ctirrently produced on glass substrates. Acoustic 
sensors may be fabricated by putting PPy electrodes onto ^ 
piezoelectric pplymiar such as polyvinyl idene fluoride. These 
sensors becoine more sensitive as they have less ..mass to' 
displace, and using a lightweight conducting polymer, rather 
than a metal electrode, could yield improved acoustic sensors. 
Conducting polymers have high electrical conductivity, but 
poor thermal conductivity and, as such, may be used to prepare 
improved pyroelectric detectors, because current materials are 
much better thermal conductors and spread heat, thereby 
lowering the resolution of the thermal image. 
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• i v'v v> In adiifei^nv-' t^^^^^^ li^tteirned surfaces^ of cdiriuctihg 

^> r^.^- -iSyneis mV-4>^ . V^^ as a platiijg base f or.:tJicj.>atternw.ise := 

■eWs - may be iis^a • is a plaiting basft for 'either 
iitectroife^W platit;g br. el^ctropjating (in whi^K imrrent is 
Wassed thrdugii^ttfe conauctifig pdiyiiie.r) of metals as. circuit 
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"10 




» * 



traces ; vias>" . or interconnects oii 
• : . btier f eatiites ibf the invention will become apparent in 
the <»tir^^ ofi.the . following descriptions of exemplary. : , 

which are given, for illustration of the. invention 
are ;h6t: intended to be limiting, thereof ' ; . 
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4ykwPi^^^±^ Fabrieat£on^f-PPy^ 



25 



: V ConductiW f 11^ of pblypyrrble were deposited onto : 
modified tettaf luoroethylene-corhexaf Ittpropropylene ^ {PBP> 
films (obtaineil from' DuPbnt Co. / Wilmington/ DB) using the la- 
Situ iJolymerization liethod. A transparent film of .FEP was cut 
into a i.5 3t i.> indi sqiiare and then uitrasonicaily cleaned 
in methanol, tor 30 sec. The PEP was then placed into a 
Hirrick. radio frequency glow discharge (BFGD) plasma cleaner 
(Miidel PI)C-23g). which was. modified with an in-line high vacuum 
leak valve for controlling gas flow and chamber pressure. A 

mixture of H, and methanol was then introduced into the plasma 
chamber under constant flow conditions such that a constant 
pressure of 100 irfTorr was achieved. The FEP film, was then 



exposed to a plasma for 1.5 min.. After removal from the 
pljasma chamber the modified F£P film was then ultxasonically ' 
washed in methanol* — 7his-preeess— eontrollably -def luorinates- 

• ' . • ■ • ■■ " : ' • •• • * • * 

the FEP f ilmi and pxroduces hydroxyl (-0H) groups pn the ^surface 

- • 

of the polymer. The plasma modil^ication process has been • 
described in'.U.S. Patents 4,946,903 and 5,226,309, which are 

incorporated herein by reference. 

- • • ' • . . .. ■ ■ . • .... •• • . . 

Deposition of conducting films of polypyrrole (PPy)i onto 
modified FEP was done using an ln--sl tu polymerization 
technique. Pyrrole monomer (0..6 ml*) was dissolved with 
magnetic stirring in lOO; idL of Dl water (200 miL beaker, room 
.temperature) during 15 minutes. In a separate 400 mL beaker, 
, ferric chloride (3>5q) was, dissolved with mag netic stirring in 
100- mL of DI water. After 5 minutes stirring at room 

temperature, ' 0.98g of anthraquinone-2-sulf onic acid sodium 

■ . ■ ■ . 

salt (AQ2SA) was added to the ferric chloride solution. This 
solution was stirred for .5 more minutes to dissolve % the AQ2SA. 
Then, 5.34g of. 5-sulfosal£cylic acid sodium salt (SSA) was. - 
added, and the^ solution was stirred for 5 more minutes' to 
dissolve the SSA completely » 

Polymer substrates were immersed inside the 4po mL 
beaker. The entire 100 mL of pyrrole solution was added 
quickly (during 1*2 seconds) to the beaker containing the 
ferric chloride mixtiire, completely immersing the polymer 
substrates into the deposition solution. After 5-15 minutes 
in the deposition solution, the substrates were coated with 
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\deposition ti»e^ yielded fflis'b^liigi^ ^'^^^^^^^^^^ ! V ! 
•higher surface res^^. than those ^eposired; at long«^ 
ti*es.' The PPy fiiis . were ultra^bnic^^^^^ cle4n^,in/a;Mpo^BLv... 
beaker filled w«i»^i^i: watex^ £c«: ^O^^ee, ultra^cmically cleaned 
in Methanol for 2 «in/ and then ringed in .ethahol for 20 sec. - 
The PPy f ii»s were then dried under nitr6gen flttW. - / 

The PPy £il»s on the FEP substrates were char^ct^ize* by 
t^-Vis-NlR spcrtroscepy and by 4-.p6int probe resista,»ce : > .: 
measurement. Measurement, of the. intensity of the .BSb liil pea). 
W the PPy film by W spectroscopy gave lx>th the transparency., 
and. thickness, of the PPy film. Typical transparencies ranged 
-'- from 50-t>i > t t ransamiiHr-^sir^sb:^^ f ilm . tiiickness . 

; ranged from 10. to 25 n. (using ^e conversion factor of 0.0375 
M>sorbance units - 3 .5 nm thicikri^i.) ^ Electrical measuremehts. 
of the PPy films were made using a signatone model .4.poxnt 
probe with a Keithl^y model 19^ Voltmeter and Kei.;hley model 
• 224 power supply. Typical values Of surface resistance- for > 
as-prepared films ranged-between 600-4000 ohm/sq, although 

some preparations yielded PPy films with surface resistances 
as high as lOK ohm/sg; corresponding electrical cdnductivities 
ranged between 1O0.130O S/cm. PPy fil- allowed to stand xn 
. air under ambieht conditions generally exhibited an increase 
in surface resistance over a period of several days, 
5 stabilizing at values typically ranging between 5-10 Koh»/sg. 
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PPy films for display fabrication were used as soon as . 
possible after deposition to^ avoid oxidative degradation* 

* . • * 
' EXAMPLE 2 > Effect pf various reagents on the electrical * 

properties of . PPy films • ^ / 

* • • • . ■ - 

. Filmis of PPy on FEP substrates, prepared as described in 

Example 1, were treated with various sol.ution reagents for - 

- . ... 
times ranging from 30 sec to 10 min, and the change in 

surface resistance of the- PPy film was measured using the 
four rpoint probe technique. Although PPy films for these 
experiments were taken : from the same, preparation, the surface 
resistance values, from sample to sample can vary by a factor 
o f 2 -3 , so--the--€hanges^nr^ugface.:-resAS.tancft are reported 
normalized to the initial value of the PPy film prior to 
exposure to the reagent. For the results shown in the Table 
below.- the initial surface resistance values for the PPy films 

♦ • 

■ 

: ranged from 2 Kohm/sq to 6 Kohm/sq. 

It should be noted with regard to the surface resistance 
changes that if the PPy film is of the highest quality, i.e., 
lowest starting surface resistance/highest . conductivity 
values, then the acid doping has little affect. The data in 
the table was obtained for films of moderate quality, where 
the additional increase in* doping level could be discerned. 
However, the base- induced undoping was effective regardless of 
the initial PPy surface resistance - for the typical ranges 
produced above. 
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>,The reagent ari^>6l^;e«^,iiyc«j4^^ s^face areslitanc^^:■; -r 
i listed :belpw for' 1 ain: iimet^^ itiin0s: at ■ 22*C: 



♦ -4 



Surface Tjealstiance 
Change ' ■ " 



■ * 



1r 



5 ■i:i MP-312 developer (see EX. : ' ! 5"°^^^ 

• *J vm'otj increasea 82x 

5S"«:o2^*^»\ Increased 1.3X 

. . ■ 4M NaOH (aq) " -i a« 

iii m moM Increased 1.4X .. 

increased- 1.9X 

Va ^S hc?' ' Decreased 2. ox 

" S5i Decreased 1.7X . 

Swm* " Decreased 3. 2X . 

^ SSlO Decreased 1.9X. - 

. ^ ^2 5>Mo ' Decreased 1.4X 

IM NaNO, Unchanged {<10*K - . 

" ^i.^S^S^^'ft iM HCl Decreased 2.5X .. 

. - Sorox' bleach (5.25* NaOCl (aq)) ^ ~ S^-^^jJ 

Acetone - . ■ 

2b ■■■ : These data show that . reagents sued* as. MF-312. developer; : ■■ 
. aild akiDohiuB hydroxide severelyViiipaif . the .surface resistance 
(and. therefore the electrical cohauctivity) of PPy filns? 
acjidic reagents can improve aiid a by' -2-3x; acetone which is 
employed in the photoresist removal step (See Examples 2 and . 
25 3) does not materially affect the electrical properties, and • 
strongly oxidizing reagents such, as sodiui. hypochlorite and ; 

eerie ammonium sulfate dissblve the PPy film and remove it 

m m M * 

frott the fluoropolymer substrate. 

. s2MffiIeE-i. Fabrication of • patterned. PPy films using sodium 

30 hypochlorite etchant. 



• • ■ - 

Polypyrr ole-coated ; FEP. substrates . were produced, as ■ 
described, in Example 1. The ..PFyr coated' substrate was. spin- . . 
coated with 1.2 im thick fila of. S1400-27 photoresist (Shipley 

Cb'.>»- The photoresist was exposed to 2.<> sec (total dose -* 200- 

• • • . \ ' • ■ ■•* . .. . ..-.*. i • • ' . ' . '.• • • 

THJ/csf) Of patterned UV (365-405 ^nm) radiation using a Hg/Xe ; 

lamo-'-based contact printer (Karl Sliss Co.) with a chrone-onr- 

. • : : - • . . ■ • • • . , . • • 

« "■ a ■ < 

glass. Qontact i&ask*. The exposed photoresist vas dissolved, 
using MF-^3 12 developer' (Shipley Co.). at 1:1 dilution with DX - 
water (the diluted solution is. composed of 0.2711 
tetrai&ethylammonium hydroxide, TMAH) foe 1.5 min and was 

• - . .' 

' ' . . ' * ■ . - ■ • •• 

rinsed with DI water. The substrate was then immersed in a. 
solution of Clorox^ bleach (aqueous sodium hypochlorite) for 
30-j60-aec_ta^i&8olye tlxe_J!£y.JiJLliLf rom . . 

unprotected by the photoresist; the substrate was then rinsed 
with DI water and dried under a stream of nitrogen..: The 
photoresist was then removed by immersirig the substrate in 

acetonfB. for .1 min, and. t)ie substrate was rinsed with DI water 

■ .■-*"• * '.' " 

and dried. Examination of the substrate by optical microscc^y. 
. showed . patterned r eg ions of polypyrrole that replicated the - • 
. patterns on the contact mask, with features having minimum 

linewidths of *50 and sharply defined edges* The same 

• - • 

procedure was used with a contact mask having serpentine 
patterns and linewidths as fine as 10 fim. Optical micrographs 
of the patterned PPy films are shown in Figures 2a and 2b, 3, 
and 4. In Figures 2a and b, the lighter regions are those in 
Which the conducting polymer remains, and the darker regions 
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" ar^ thosi in; which the conducting, polyi^er was removed . In 
' figures 3 and 4, the lighter r^gibns/ are ^tt^^ in which the 
. . : conducting, polymer Was remc^ved arid/ the darXer regions are 
^. 'thb^e in which the cpnd^ 
5 The same. PPy patterning procedure was used as described 

abov^. with tlife exception that a high, resolution llthogiraphic . 
, .: .test nasX was .enployed with an exposure dose of iOO-mJ/cBi' ah^ 
a development time of 1.5 iin. Inspection of PPy patterns, 
und^ the optical microscope revealed patterns with minimum 
lb- iinewidths of 1t2 Mtt* . . 



KYAMPI^ 4. Pabticatibn of' patterned PPy films using ce^ic 

asmonium sulfate etchant, 

• .•- . 

Polypyrrole-coated FEP substrates are produced as 

described in Example 1 and are coated with photoresist/ 

• • . . . 

exposed and developed as described in Example 2 . The , 
substrate is then immersed in ^ 0.1 M aqueous solution of 

.eerie ammonium sulfate for a. period of 10 min. or less to 
remove the PPy film from the regions npt protected by ; 

photoresist, rinsed with Dl.water. and dried. The photoresist, 
is removed by immersion in acetone as described above, leaving 
patterns of PPy on the FEP substrate. 
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EXAMPLE S . Fabrication of patterned PPy films vitti lowered ; 

■ 

'isurface resistance. • ./: 

Patterned polypyrrole-coated FEP s^strates are produced 

• ■ * - • • • 

.as- described in Example 3. A^ter removal of the photoresist, ... 

• . * • 

' the patterned PPy film is immersed in a solution of aqueous 

■ - ■ • • • . t 

- (IH) nitric acid for l^min, rinsed with^ DI water and dried. 
The acid dip decreases the surface' resistance of the .PPy by a 
factor of -3x; 

». .* ■ -•■ 

m 

EXAMPLE 6 ^' Fabrication pf patterned PPy films. using. MF-3 12. . 
Polypyrrole*coated FEP substrates were produced as 

* — • 

described in Example 1 and were coated with photoresist, 
exposed and developed as . described in Example-^ — Wxe:MF-312 
developer degrades the •electrical, properties of the PPy film 
in th€t regions unprotected by the photoresist. . The 

■ 

photoresist, is then stripped with acetone as described above. 
The f iuoropolymer substrate now has patterns of. highly 
. conductive PPy film corresponding to the regions that were 
protected by the photoresist; in the other, areas, damaged PPy ' 
with -I50x higher surf ace resistance remain* 

EXAMPLE 7 . Fabrication of a liquid crystal display using 
patterned PPy films. 

An unpatterned PPy-coated f Iuoropolymer substrate (-2" 
square) was produced as described in Example 1* A patterned 
polypyrrole-coated FEP substrates was produced as described in 



• • • . . » • 
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. • . ■ \ • ; • ■• • • . - ■ • • . 

t^ '^o iisiiS^ btf abie^^ cpiitrol the ^ciiig of the ,^ ; . ' 
i^^'^j^'A^^ifi^ is fabricated by mixing, equal 



• ■ V • -J'-- fe*^;iiiVk^ic h^tite liquid, crystal mixturef ?7 - ' 
.percientageS 'Of eutectic neroii^^^^^^ . j 

: . Adhesive (#69 Before polynerisation oi «i« . . 

. ime liquid: crys1«»l is d^^^^^ 
: amount of .this; ^ on the conducting 

• ;polyi^^^^^^^ spaces.. The substrates areJiplaced 

a biillip c^i^ ii^^ vW surf aces^f acing^ 

• tdi^d th^ inside df tJ^^^ cell such that . 
th6 eleitf ii»l conteirt 

phbtopoiieri^ed f oir appro*i»^iely twenty minutes using 360 ip. 
. w li^t. Corinicti^ t^ an electrical power supply was made 
is by attaching metai clips to the PPy f ilm-rCOated substrate. 
The PDLC device; fabricated in thi^. numner i^sing the 
poii^pyriroie film as the: conducting substrate, exhibits " 
: electroo^tic. switching, The Voltage dependence of the 
■ . intensity Vf transmission of. the. PDLci device, with. pol^ 
20^ substrates shows a threshold voltage of about 15 vclts beyond: 
^ - „hi«ih the intensity attains a saturation value. . 

• ■ • 

■ , - " ■ . - 

SmsS£-&' PDLC device fabricated from PPy f il» on PET.. 

A nui-^r of VDUZ devices have been fabricated using both 
polypyrrole and polyaniline films as electrodes. Here, the 
25 fabrication and working of one type of PDIX: as a typical 



example is described. The PDLC device was fabricated using 

polypyrrole-. coated PET as descbribed in Example 2 . A schematic 

,1 . , . ■ • 

diagram of this device (the dia^l^au is greneric-^ox^any-type of 
^ conducting polymer film) is shown in Figure 5. This device 

has a very important featmre - the electrically conducting 

.■*■*-■ • . . . ' ■ • 

s\ir faces by which the voltage is applied to the device are 
conducting. polymer films. Thus, the ITO coated glass or 
plastic conducting substrates of the usual PDLC devices are 

replaced by conducting polymer films in this device. . 

. ■* .i . ■ ■ " . ■ ' 

The conducting polymer (polypyrrole) coated PET was cut • 
into strips- of appropriate size (e.g., 5x5 cm^) for the PDLC 

• cell fabrication. To be able to control the spacing of the 
cell be t weejt th e . electredesTr-CTie-of-the-substrates was treated 

with the 15 micron size spacers. The PDLC device was. 

* * * * 

• fabricated by mixing equal weight, percentages of eutectic 
nematic liquid crystal mixture E7 (EM Chemicals) and UV 

: curable optical adhesive. Norland Optical Adhesive #65. The 

- 

ordinaxry refractive index of the liqpiid crystal is nearly 
' equal to that of the polymer (n=»1.524), a prerequisite to 
fabricating a PDLC light shutter. Before polymerization of 

■ 

the Norland, adhesive; the liquid crystal was dissolved in a 
prepolymer and a small amoiuit of this homogeneous mixture was 
placed on the conducting polymer substrate with the spacers. 
The substrates were placed on top of each other with the 
conducting surfaces facing toward the inside- of the cell with 
a small offset, such that the electrical contact can be made. 
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5 



Tlie .sa«pife wi^ ph6topoli»eriiiE^ fbk appro twfenj^y 
minutes in uy ilgwt' (3(5d7ii)> 'lA^ the pre-polipaep »oie*:3r^ v/ ' ^ 
polyaeriies. the 16w »pieculdr . weight liquid crj^aVls ho ' ;X 
^nger • ^It*^ in the polyii >ihd«c and it suhse^rifit^yvj?*"*?^ 
separates from W I«ly»^>^^ ^^-j^i* cry sta^ droplet 

morpholbir begins to =f o« a«a tl^ droplets continue to - g^oy! 
. until the polymer binder lock^ in the droplet .oi^hblogy . and • 

size/ W roix: aev^e/f^^^^^^ . 

polypyrril^ as the convicting substrate, «chibited , ; 

electro^optic switching. The voltage, dependence ot the 
intensity of transmission of 'the PDLC device with po. 
substrates Showed a thresh<.ld voltage of about^ 15 volts beyond 
Which the ihr«isitir attains > saturation Vai^^ This 
behavior; the qualitative ^t^e of the variation of the 
intensify with appUed -itage , .s well as the magnitude, of 

J similar to' those ini currently 

the threshold voltage, are very similar ro 

used PDLC devices: with ITO . based substrates. 

• • * " ' . 

• •••• r • m • 

,3j^2LS-2. Twisted nematic liquid crystal display device 

fabricated from PPy fil"» cn PET. • 
, A Tk cell was fabricated using polypyrrole films 

deposited on PET as iii Example 2. The cell (Figure. 6) 
consists Of two conducting substrates, two polarizers, 
to ^ntrol the ceil thiChess, and eutectic nematic liguxd 
crystal material (E7). The conducting substrates were 
.5 (unidirectional rubbed, to create uniform parallel alignment 
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The sXibstratcs were sandwiched together with the conducting 

■ ■ . • •■ *■ • . - . • ' . . . .• . ^ •. , . . 

sides. facing each other, a siBall of fset to allow for electric 

. .conriectiohVr ^S wi^ 

'. • - * • • 

substrates rotated at 90* with /respect to the bottom 

5 substrates. The spacers, (iisually^' 3-10 microns) were, placed 
. • . ■ " • ■ ■ 

between the subistrates so as to control the cell thickness. 

The two opposing side ed^es are sealed with an epoxy glue and 

the cell is filled with the liquid crystal by capillary 

* • . m 

action. Placing the cell between crossed polarizers completes 
10. the TN display. 

■ • * * * 

The electro-optic characteristics of a TN device, 
fabricated using the conducting polymer (polypyrrole) films 

aeposited on PET a s-te hc ol e ctrbd e s n rf a cc A^haveJaeen 

investigated. The applied voltage was 24 volts across the 

■ 

thickness of the cell- The rise time and the off-tine, 
evaluated from the value of the optical intensity at 10% and 
90% of the intensity, are 35 »s and 54 ms. Thus, the 
functioning and the characteristics of a working TM. device- 
fabricated with an optically trai^sparent conducting polymer as 
the conducting substrate has been demonstrated. This reduces 
the steps involved in the device fabrication. 

Obviously, numerous modifications and variations of the 
present invention are possible in light of the above 
teachings. It is therefore to be understood that, within the 

■ 

scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 
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. 1.. A probessi for prepari^ patterned cc^ctii^ 

p6iyi«« surf 9^^^^ 
; ...{a) foriing a surface . of ^ conducting. poiy?^ pn^a. 

• surface of -a substrate; 
. (b) ioriibig a surface of a blobking Material oh 

surf ice. of. said conducting nolvner in a 

• • • • v • 

fas.hibn, to obtain a f irst 
: cohtaining regions of exposed cpnducting polymer and 
- -. regions of .blocking. material; - 

tc^ treeing said first patterned surf ac^ vitl> ^^ .agent ■ 



* » . . • 
■ • ■ >^ ■ • ■ * • • 





t ■ 



wSih: (i) removes sMd conducting polymer from 
' regions of exposed^ conducting polymer^ (ii) ; 
decreases the conductivity of said conductihg, . 
poller in: said regions of exposed condubting. 
.pblymer; or. (iii) increases the conductivity pf said 
conducting^ polymer . in said regions of 

• » • ■ 

conducting polymer? and 

rembving said blocking material to obtain a second 
•patterned surface bontaining an exposed pattern of 

conducting polymer. 
The process of Claim 1, wherein said 
selected fro. the group consisting of glass, guartz, 
silicon/ silicon nitride, alumina, aluminum nitride, titania. 



2. 



titanium nitride, diamond, vaxeis.^ .polyesters, 

• • • 

i>blyvinylacetate, polyole£insi, ;po^,y ethers, 

• ■ • 

polyVihylmethylether, polyviriylbutylether, polyaimidea, 
polyjacryikmide, pblyimides, polycarbonates, pojysulfones, 
polyX:etoiies , fiuoropolymers , aroiiatic: hydrocarbon polymers , * 

• • * * 

acrylate. and acrylic acid polymers> phenolic polymers, 
polyviny lalcbhol , poiyamines, polypeptides, siloxane polymers, 

• • ' . * 

polyvinylchloride, polyvinylbenzylchloride, . polychlorostyrene, 

• * - . 

polyvinylbutyrAl, copolymers thereof, and mixtures thereof \ 

3. The process of Claim 1, wherein said conducting 
polymer is selected frcnii the group consisting of ..cis and. trans 
: poly acetylenes, polydiacetylenes, polyparaphenyleiies, 

polypyrroles , polythiopheneTST-poiybithiophenes, . 
polyisothianaphthehe, polypheny lenevinylenes, 
polythienylvinylenes , polyphenylenesulf ide, and polyaniline. 

4. The process of Claim 1, wherein said conducting • 

polymer is polypyrrole. 

5. The process of Claim 1, wherein said conducting 

polymer is polyaniline. 

6. The process of Claim 1, wherein said agent is 
selected from the group consisting of ion milling, plasma • . 
etching, hypochlorite salts, cerium (IV) salts, aqueous R^.^NH,* 
OH- (where R is C^.^-alXyl) , HCl, HNO,, HCIO^, and H^SO,. 

7. The process of Claim 1, wherein said agent is a 
hypochlorite salt. 



^0 
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. 8 * The process of- ciaiii 1* wherein said' agent is. 
tkiramethy laMoniun hydr oxidiB i 

9.; A patterned conduct ingf.polyiner surf ace prepared by a " 

process comprisings % . 'v 

(ai .forming a surface of a cbnductlng polymer on a. 

"Surface of a substrate; 

• • • • 

(t> fbraing a surface of a blocking material on said 

surface of said conducting polyiato: in a pattipmwise. - 
fashion, to obtain a first patterned surf ace; 
• s; • containing .regions of exposed conducting polymer and- 
. * regions of -blockiiig material? 
(c) tireating s?id first patterned surface with an a< 

which: (i) removes said conducting polymer from said 
... regions of exposed conducting polymer; (ii) 
' decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 

■ • * • * 

polymer; or (iii) increases the conductivity Qf said 
conducting polymer in said regions of exposed. 

-• 

*. • 

conducting polymer; and 
(d) removing said blocking materiel to obtain a second 
patterned surface containing an exposed pattern of . 
conducting polymer. 

* • • ■ 

10. The patterned surface of Claim. 9, wherein said 
substrate is selected from the group consisting of glass, 
quartz, silica, silicon, silicon nitride, alumina,- aluminum 
nitride, titania, titanium nitride, diamond, waxes. 



polyesters /polyvinylacetate, poly olefin polyethers, . 
polyvinylmethylether, polyvinylbutylether^ polyamides^ 
polyacry lamide / poly iittidesTj^ 

polyketones.i f luoropolyners, aromatic hydrocarbon polymers, 
aczylate and acrylic acid polynex^s^ phenolic polymers, 

polyyiriylaicohol, polyamines, polypeptides^ siloxan^ polymers,^ 

- 

polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene, 

polyvinylbutyral, copolymers thereof, and m.ixtures thereof • 

11 • The patterned surface of Claim 9, wherein said 

conducting polymer is selected from the group consisting of 

•■ ' * . • 

cis and trans poly acetylenes, polydiacetylenes, 

polyparaphenylenes, polypyrroles , polythiophenes , 

-polybtthioph enes , p e-lyisothianaphthene., 

polypheny lenevinylenes, polythienylvinylenes , 
polypheny lenesul fide, and polyaniline. 

12 . • The . patterned surface of Claim 9 , wherein said 
conducting polymer is polypyrrole. 

13. The patterned surface of Claim 9, wherein said 

■ 

conducting polymer is polyaniline. 

m 

14. The patterned surface of Claim 9, wherein said agent 

• * • 

is selected* from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R4.xNH,'. 

^ • - 

OH- (Where R. is C^.^-alkyl) , HCl, HNO,, HCIO^, and H,SO,. 

15. The patterned surface of Claim 9, wherein said agent 
is a hypochlorite salt. 
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- vir i^i; ClShe piitter^ yhereiri saidragepU 

^ 'ieteamethyiaiBmoniTiB ' . .• ' - " 

-iin "ei^ckro^ device; eotoprising a V. 

: S: ^ coiiductW ^iyaer" i^^^^ a prbcess comprising: J ; 

• . - / . (a> fpnting a. Surface of si^.c^ 9^. A' 

' surface of' a substrate;: " 
- .. . '(b) ' f brmihg Vi^i^^^ace'of . a.M material on said . 

V. • .^rgixrf ace oi sai^^^^ 

r io'. fashion, .to obtain a 

■**•** - - , . ' . • • " . • • • . ..... . ■ • . ♦ • • 

containing regions of expo^fed conducting poiymer and 
regions of blocking ^material; ' 
.(c) treating said iirst patterned surface with Sn agent 

'"• ■*...' 

. i\ : . whicb: (i^) "removes r:^^^^^ polyrter from said 

. :; regions of exposed conducting polymer ; , .(ii) y- . 

decreases the conductivity of said cpnductiiigf 
polymer in -said regions pf iexpbsed cdnductirig ' 
. .. .. . . polymer; or (iii). inicreases; the conductivity of said 

s V Conducting polymer in id regions of exposed. 

; 20 conducting polymer; and 

(d) removing said blocking material to obtain a second 
, :r patterned surf ace containing an exposed pattern or 

. . . conducting polymer. 

18- The device Of Claim 17;. Wherein said substrate is 

selected from the group consisting of glass/, quartz, silica, 
silicon, silicon nitride,, alumina, aluminum 



1 * 



titanium nitride, diamond, waxes, polyesters, 
polyvinylacetate, polyolefins; polyetliers, 
pblyvinylmethyiether , * polyvinylbutyiether ,— poly^ 
polyacrylamide, polyimides, polycarbonates, polysulfoiies, 

t ' - - * 

^polyketones, fluor ©polymers, aromatic hydrocarbon polymers, ' 

■• ' - • . * ' • 

acrylate and acrylic acid polymers, phenolic polymers, 

polyvinylalcohol, polyamines, polypeptides, siloxane polymers, 

polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene,. 

» * V 

polyvinylfautyral, copolymers thereof, and mixtures thereof • • 

19. The device of Claim 17, wherein said conducting 
polymer is selected from the group consisting of cis and trans 
polyacetylenes, polydiacetylenes, polyparaphenylenes, 
polypyrroies , - pelythiophen e s , po l ybi th i ophenj^s , 
polyisothiahaphthene, polypheny lenevinylenes, 
polythienylvinylenes, polyphenylenesulf ide, and pplyaniline* 

20. The device of Claim 17, wherein said conducting ; 
polymer is polypyrrole* 

21. The device of Claim 17, wherein said conducting 

polymer is polyaniline* 

22. The device of Claim 17, wherein said agent is 
selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R^.i^Hi^* 
OH- (where R is Ci.,-al)cyl) , HCl, HNO^, HCIO,, and H^SO,. 

23. The device of Claim 17, wherein said agent is a 
hypochlorite salt* 
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FIG. 2 A 
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FIG.3 
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POLYMER DISPERSED LIQUID CRYStAL biiSPLAY 
ON CONDUCTING/POLYMER SUB^TI^TESA; 
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a: Substrate: PET, FEP, OR Glass 
b: Conductlnii Polymer . . 



FIG. 5 



. - SUBSirrUTE sheet (rule 26) 



FIG. 6 




CONDUCTING POLYMER TWISTED NEMATIC CELLS: 

a: Polarizer / Analyzer 
b: Substrate: PET» FEP^ Glass 
c: Conducting Polymen pPy, PANI . 
d: Ailgnment Layer: Rubbed PPy or PANI 

Rubbed Polylmtlde, 
Non-rubbed Alignment Layer 

CONVENTIONAL TWISTED NEMAtIC CELLS: 

a: Polarizer / Analyzer 

b: Substrate: Glass 

c: Conducting Coating: ITO 

d: Alignment Layer: Rubbed Polymlde 
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